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(57)Abstract: 

PURPOSE: To reduce voids at the interface by a factor 
of several to ten by activating the surface of Si02 to be 
bonded through plasma processing thereby enhancing 



the bonding strength. 

CONSTITUTION: A substrate 100 deposited with an 
oxide and a previously prepared supporting substrate 
1 10 deposited with a silicon oxide are set in a plasma 
processing system where they are subjected to surface 
activation by oxygen plasma. Both substrates are 
immersed into pure water and then dried before they are 
bonded on the processed surfaces. It is then heat 
treated and ground on the silicon substrate 100 side to 
expose a porous silicon 102 and only the porous part 
101 is etched selectively and entirely. Consequently, an 
SOI substrate where single crystal silicon is deposited 




on silicon oxide is obtained and the density of void in the 
SOI film can be reduced by a factor of 4 as compared 
with a conventional SOI substrate which is not subjected 
to surface treatment. 
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TRANSLATION OF JPA07- 249749 

[TITLE OF THE INVENTION] 
PRODUCTION OF SOI BOARD 

[Claims ] 
[Claim 1] 

A method for producing a SOI substrate, characterized 
by comprising the steps of : 

preparing a first substrate in which a porous layer, 
an epitaxial layer, and a silicon oxide film are formed in 
turn; 

providing a second substrate having a silicon oxide 
film on the surface thereof, and irradiating X ray on the 
surface of the silicon oxide film of at least one of the 
first substrate and the second substrate to activate the 
surface of the silicon oxide film; 

bonding together the first substrate and the second 
substrate via the activated silicon oxide film; and 

removing the silicon single crystal substrate and the 
porous layer of the bonded substrates to form a substrate 
in which the epitaxial layer is provided via the silicon 
oxide film on the second substrate. 
[Claim 2] 

The method for producing a SOI substrate according to 
claim 1, characterized in that the X ray is electron beam. 
[Claim 3] 

The method for producing a SOI substrate according to 
claim 1, characterized in that the X ray is plasma. 



- 1 - 



JPA07-249749 



[Claim 4] 

The method for producing a SOI substrate according to 
any one of claims 1 to 3, characterized in that the porous 
layer is formed by converting a surface layer of the silicon 
single crystal substrate to porous one by anodization. 
[Claim 5] 

The method for producing a SOI substrate according to 
any one of claims 1 to 4 , characterized in that the removing 
the silicon single crystal substrate and the porous layer 
of the bonded substrates is performed by removing with 
grinding or etching, the silicon single crystal portion that 
is not converted to porous one, of the bonded silicon 
substrate, and then selectively etching the porous silicon 
portion . 
[Claim 6] 

The method for producing a SOI substrate according to 
claim 5, characterized in that the selectively etching the 
porous silicon portion is performed in a mixture etchant 
composed of hydrofluoric acid and aqueous hydrogen peroxide . 
[Claim 7] 

The method for producing a SOI substrate according to 
claim 3, characterized in that the plasma uses hydrogen, 
oxygen, nitrogen, a halogen gas, a single element inert gas, 
or a compound gas except silane based gas , or a mixture gas 
thereof . 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 
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The present invention relates to a method for producing 
SOI substrates, and more particularly to a method for 
producing SOI substrates that are produced by a bonding 
technique . 
[0002] 
[Prior Art] 

A lot of works have been made on techniques for forming 
a single crystal silicon semiconductor layer on insulators, 
well known as Silicon on Insulator (SOI) technique, since 
such techniques have many advantages that cannot be achieved 
by means of bulk silicon substrates on which typical silicon 
integrated circuits are made. 
[0003] 

A method for f orming SIO reported recently is so-called 
"bonded SOI" technique, which can provide a particularly 
excellent quality. In this technique, mirror surfaces of 
two wafers, at least one of which has thereon insulator film 
formed by oxidation or the like, are attached together, are 
then subject to heat treatment to enhance the bonding between 
the attaching surfaces; then one of the two substrate is 
polished or etched so that any thickness of silicon single 
crystal film is left on the insulator film. The most 
important step of the technique is to make a thin film from 
the silicon substrate. In particular, it is required to 
uniformly polish or etch a silicon substrate having a 
thickness of hundreds of |im to a thickness of a few \ua or 
one \xm or less, but this is very difficult to be achieved 
in technical view point regarding controllability and 
uniformity. Two typical methods for making such thin film 



- 3 - 



JPA07-249749 



of silicon are: BPSOI (Bonding and Polishing SOI) which is 
a method using only polishing; and BESOI (Bond and Etchback 
SOI) which is a method in which an etching stop layer is 
provided immediately upon the thin film to be left (or, in 
the case of fabricating single body substrate, immediately 
under the thin film to be formed) , and then two steps of 
etching, or the etching of the substrate and the etching 
of the etching stop, are performed. In order to ensure the 
uniformity in film thickness, BESOI is more advantageous 
since in most cases of BESOI, the silicon active layer is 
epitaxially grown on an etching stop layer formed in advance . 
However, there is a problem that since an etching stop may 
often contain impurity with a high concentration , this causes 
the distortion of crystal lattice and the propagation of 
crystal defects. There is also a possibility that during 
the oxidation of an epitaxial layer or the annealing after 
bonding, the diffusion of impurities occurs affecting the 
etching property. 
[0004] 

Another important issue regarding the bonding SOI is 
that interface states are easily generated in the bonding 
interface due to impurities from the atmosphere or the 
surface roughness of the substrate surface. The interface 
states tend to cause the deterioration in characteristics 
such as leak current . To avoid this , a method may be used 
in which the bonding is performed after oxidation of the 
active layer . In this case , the interface between the active 
layer and its under layer is not the bonding interface but 
the thermal oxidation interface, which can have reduced 
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interface states. However, in order to obtain oxidation 
film having a thickness that is adequate for achieving SOI 
feature, it is required that a large portion of the active 
layer be oxidized, and this, in the case of BESOI described 
above, may change the impurity profile in the etching stop 
layer due to the heat during the oxidation. Accordingly, 
the oxidation of the active layer is performed to a small 
thickness and a silicon oxide layer is formed with a large 
thickness on the other substrate, and those oxide films are 
bonded with each other. However, this also causes another 
problem . The problem is that the strength of bonding between 
the silicon oxide films is lower that that between silicon 
body and silicon oxide film, and this causes the generation 
of a large number of spaces or "voids" in the bonding 
interface . 
[0005] 

Among methods for bonding Si0 2 bodies together with 
a higher bonding strength than the current methods , a method 
is reported by Goets, et al. in which a quartz substrate 
and a silicon substrate having a oxidized surface thereon 
are bonded together (G. G. Goetz, Electrochemical Society 
Bonding Symposium 1991 , Extended abstract , pp. 65). In this 
method, Si0 2 is activated by energy that is generated from 
oxygen ion plasma impingement onto the Si0 2 surface caused 
by exposing the Si0 2 surface to RF plasma of oxygen and 
providing DC bias between plasma and the silicon substrate. 
The bonding of the activated Si0 2 bodies has a bonding 
strength several times higher than the bonding of 
no-activated Si0 2 bodies. In other words, only very lower 
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temperature heat treatment is needed to obtain the same 
bonding strength. Therefore, the method is suitable for 
BESOI for which high temperature heat treatment is not 
preferable, and a combination of bodies with different 
thermal expansion coefficients such as glass and silicon 
bodies . 
[0006] 

The generation of voids is largely influenced by not 
only the bonding strength but also the roughness of the 
bonding surfaces . From this view, the BESOI described above 
is often disadvantageous. This is because in a typical 
method for an etching stop layer involves hetero epitaxial 
growth by CVD or epitaxial growth with doping of high 
concentration impurities, and, in the case of CVD, 
particularly hetero epitaxial growth, the surface 
smoothness is often lower than that obtained by polishing. 
The etching stop layer can be formed by ion implantation 
or the like, but the resultant surface smoothness is also 
worse . 
[0007] 

In order to achieve good smoothness between the bonding 
surfaces, good uniformity in film thickness of the active 
layer, and good selectivity of etchback that is a few orders 
of magnitude higher than that of the conventional BESOI , 
a technique may be used, for example, in which the surface 
of a silicon substrate is anodized so that the surface becomes 
porous , and an active silicon layer is then epitaxially grown 
on the surface (see Japanese Patent Laid-Open No. 5-21338) . 
In this case, the porous layer is equivalent to the etching 
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stop layer for BESOI . However, the porous silicon is deemed 
to be more important regarding its high etching selectivity 
rather than as an etching stop layer since the porous silicon 
has a much higher etching rate in hydrofluoric -acid based 
etchant than single crystal silicon. In this technique, 
the porous silicon layer is formed by anodizing the surface 
of a single crystal silicon substrate instead of using CVD. 
Thus , the active layer epitaxially grown has good smoothness 
relative to the case of BESOI in which an etching stop layer 
by CVD or the like is formed. However, the surface of the 
epitaxial grown layer in this technique still has inadequate 
smoothness depending on the polished surface of the bulk. 
Accordingly, a certain number of voids may be generated 
during the bonding of an oxidized active layer and a silicon 
oxide film. 
[0008] 

[Problems to be Solved by the Invention] 

As described above , there is a problem of the generation 
of spaces called "voids" that is due to the low bonding 
strength between silicon oxide films relative to that between 
silicon body and silicon oxide film. 
[0009] 

The generation of voids is also sensitive to the 
roughness of bonding surfaces as well as the bonding strength. 
The surface of the epitaxially grown layer has still 
inadequate smoothness relative to the polished surface of 
bulk. Therefore, there is a problem of certain void 
generation during the bonding of an oxidized active layer 
and a silicon oxide film. 
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[0010] 

Thus, there Is still a problem to be solved that no 
ideal SOI can be produced that has good uniformity of the 
active layer, adequate thickness of under layer Si0 2 , few 
interface states, and few voids. 
[0011] 

(Object of the invention) 

It is an object of the present invention to provide 
a method for producing an ideal SOI that has good uniformity 
of the active layer, adequate thickness of under layer Si0 2 , 
few surface states, and few voids. 
[0012] 

[Means for Solving the Problems and Operation] 

According to a method for producing a SOI substrate 
of the present invention, a single crystal silicon layer 
is epitaxially grown on porous silicon surface of a silicon 
substrate that has been subject to conversion of the surface 
layer to porous one, and the growth surface layer is then 
oxidized to form a first substrate. A supporting substrate 
(a second substrate) that also has Si0 2 on its surface is 
provided. The two substrates or one of them is exposed to 
a plasma of oxygen or the like, or X ray or electron beam 
to chemically activate the surface of the Si0 2 . Then, the 
two substrates is adhered to each other in room temperature 
only with van der Waals force. After the two substrates 
are subject to heat treatment (or without heat treatment) , 
the silicon substrate portion of epitaxial growth side is 
ground or etched, and then the porous portion is selectively 
etched to form a single crystal silicon thin film on Si0 2 . 
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[0013] 

In implementing the present invention, porous silicon 
has two important physical advantages . 
[0014] 

One advantage is the etching property of porous silicon . 
Silicon is usually etched very little in hydrofluoric acid, 
while the silicon converted to porous one can be etched. 
When using mixture etchant composed of hydrofluoric acid 
and aqueous hydrogen peroxide, the ratio of etching rates 
of non-porous silicon and porous silicon can be about the 
fifth power of 10. Therefore, very thin silicon layer of 
around 1 \xm can be selectively etched with good uniformity 
and controllability. 
[0015] 

The other advantage is epitaxial growth property. 
Porous silicon also has the single crystal structure in which 
pours of several ten to several hundred angstrom diameters 
are distributed with high density from the surface through 
the inside- A epitaxial layer grown on such surface can 
advantageously have a crystallinity level substantially 
equal to that of epitaxial layers on non-porous single 
crystal substrates. 
[0016] 

In one aspect of the epitaxial growth on porous silicon, 
stacking faults may occur from the growth interface in low 
density. The stacking faults thus generated during 
epitaxial growth are transferred after the bonding, and 
consequently, stacking faults observed in the resultant SOI 
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substrate appear in the opposite direction to the normal 

direction. 

[0017] 

The above physical advantages allows the use of a single 
crystal thin film having similar level to epitaxial layers 
on single crystal silicon substrates that have high 
reliability as active layers. Therefore, an SOI substrate 
can be provided which has better crystallinity and better 
uniformity in film thickness than conventional SOI 
substrates . 
[0018] 

Furthermore, according to a process of the present 
invention, Si0 2 surfaces of the two substrates are bonded 
together, interface states at the interface between the 
epitaxial silicon film ( active layer ) and Si0 2 ( thermal oxide 
film of the epitaxial layer) are very few, and the thickness 
of the Si0 2 layer can be controlled arbitrarily, and thus 
a substrate that fully utilizes SOI's advantages can be 
produced. 
[0019] 

Since Si0 2 at the bonding surface has surface that is 
activated by plasma treatment , X ray irradiation or electron 
beam irradiation, the bonding surface has an adequately 
enhanced strength thereby reducing the void generation. 
[0020] 

The selective etching of the porous silicon portion 
is preferably etched in mixture etchant of hydrofluoric acid 
and aqueous hydrogen peroxide, thereby allowing etching to 
be performed with good controllability. 
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[0021] 

The plasma preferably uses hydrogen , oxygen, nitrogen, 
a halogen gas, a single element inert gas, or a compound 
gas except silane based gas , or a mixture gas thereof , thereby 
allowing the Si0 2 surface to be activated more effectively. 
[ Embodiments of the Invention ] 
[0022] 

(Embodiment ) 

An embodiment of the present invention will be described 
with reference to Figures 1 and 6 . 
[0023] 

(Figure 1-1) 

A single crystal silicon substrate 100 is anodized to 
form a porous silicon layer 101. The porous silicon layer 
101 may be formed with a thickness of several \ua to several 
tens jun on the surface of one side of the substrate. 
Alternatively, the entire substrate may be anodized. 
[0024] 

A method for forming the porous silicon will be describe 
with reference to Figure 6. First, a P-type single silicon 
substrate 600 is provided. Alternatively, a N-type single 
silicon substrate may be used provided that the substrate 
has low resistance or the formation of porous silicon is 
performed with hole generation enhanced by light irradiation 
onto the substrate surface. The substrate 600 is set in 
a apparatus shown in Figure 6-1. Specifically, one side 
of the substrate is immersed in a hydrofluoric acid based 
solution 604 while a negative electrode 606 is in the solution 
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and the other side of the substrate is in contact with a 

metal electrode 605. 

[0025] 

Alternatively, a positive electrode 605' may be 
provided with electrical potential via a solution 604 ' as 
shown in Figure 602 . In any case , the formation of the porous 
layer takes place on the side of the substrate facing the 
negative electrode immersed in the hydrofluoric acid based 
solution, 
[0026] 

The hydrofluoric acid based solution 604 may be 
typically a concentrated hydrofluoric acid (49% HF). It 
is not preferred to dilute it with pure water (H 2 0) since 
etching occurs in a diluted solution with certain 
concentration or lower depending on the current applied. 
An alcohol may be added to the hydrofluoric acid based 
solution 604 as a surfactant in order to efficiently remove 
bubbles that are generated from the surface of the substrate 
600 during anodization. The alcohol may be methanol, 
ethanol, propanol, isopropanol, or the like. Alternatively, 
the anodization may be performed with the solution stirred 
by a stirrer instead of using a surfactant. The negative 
electrode 606 may consist of a material such as gold (Au) 
or platinum (Pt) that does not erode in hydrofluoric acid 
solution. The positive electrode 605 may consist of a 
commonly used metal- However, the positive electrode 605 
is preferably coated with a metal film resistant to 
hydrofluoric acid solution, on the surface thereof since 
the hydrofluoric acid based solution 604 reaches the positive 



- 12 - 



JPA07-249749 



electrode 605 upon having anodized the entire substrate 600 . 
The current level for the anodization may be several hundreds 
mA/cra 2 at maximum and any level but null at minimum. The 
current level is determined so that it is in a range allowing 
the good epitaxial growth on the surface of the porous silicon . 
Generally, higher current level increases the anodization 
rate, and decrease the density of the resultant porous 
silicon, which means larger volume of pores. This changes 
the condition of the epitaxial growth. 
[0027] 

(Figure 1-2) 

On the porous layer 101 thus formed, a single crystal 
silicon layer 102 is grown which is not porous . The epitaxial 
growth may be performed by a typical thermal CVD, reduced 
pressure CVD, plasma CVD, molecular beam epitaxy, or 
sputtering. The thickness of the grown film may be at the 
design value of the SOI layer, and preferably 2 \xxn or less. 
This is because when a single crystal silicon film with a 
thickness more than 2 \xm, in contact with the Si0 2 -based 
insulator substrate is subject to heat treatment in a device 
process, a large stress is generated between the bonding 
interface due to the difference in thermal expansion 
coefficient between those two materials, which causes 
breakage of silicon film, curve of the substrate, or peeling 
at interface. On the other hand, if the thickness of the 
grown film is 2 [un or less, relatively small stress is only 
generated, and hence the possibility of breakage of film, 
peeling or curve is reduced. The thickness of the grown 
film is more preferably 0.5 pun or less. This is because 
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the thickness more than 0.5 fun tends to cause slip line in 
lattice at a micro region even if peeling or breakage does 
not occur during a later anneal. 
[0028] 

(Figure 1-3) 

The surface of the epitaxial layer 102 is oxidized ( 103 ) . 
Otherwise, the epitaxial layer would be directly bonded to 
the supporting substrate in the next step, and then 
impurities would tend to segregate at the bonding surface, 
increasing the number of dangling bonds of atoms at the 
interface, and hence resulting in unstable characteristics 
of the thin film device. 
[0029] 

Note that the oxide film only needs to have a thickness 
such that the thin film device is not influenced by 
contamination at the bonding surface that comes from the 
atmosphere. 
[0030] 

(Figure 1-4) 

The substrate 100, which has the epitaxial surface 
having the oxidized surface, and a substrate 110 (a 
supporting substrate) which has Si0 2 (103' ) on its surface 
are provided. The supporting substrate 110 may be, for 
example, a silicon substrate with an oxidized surface, a 
quartz glass, a crystal glass, or any substrate with Si0 2 
deposited thereon. 
[0031] 
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Then, both the substrate or one of them is exposed to 
plasma atmosphere, or X ray or electron beam to activate 
the Si0 2 on the surface. 
[0032] 

The gas used in the exposure to plasma atmosphere is 
preferably oxygen, but may be the air (mixture of oxygen 
and nitrogen) , nitrogen, hydrogen, an inert gas such as argon 
or helium, or a molecular gas such as ammonia. The energy 
of the irradiation to the substrate is preferably controlled 
in a range of DC bias of several volt to about 400 volts. 
Biases higher than the range is not preferable since it causes 
Si0 2 to be etched at much higher rate resulting in surface 
damage. The irradiation energy can be controlled using 
self -bias that is generated by the plasma itself, instead 
of using DC bias. The self -bias depends, for example, 
largely on RF power for generating the plasma, and also on 
the type of gas and the pressure of gas. 
[0033] 

X ray can be used in the atmosphere or oxygen atmosphere . 
The irradiation of electron beam must be performed in vacuum. 
[0034] 

(Figure 1-5) 

The two provided substrate, after cleaned, are bonded 
together . The cleaning is preferably performed only by pure 
water rinse, and may also be performed using an aqueous 
hydrogen peroxide that is diluted with pure water, or an 
aqueous hydrochloric acid or sulfuric acid that is adequately 
diluted with pure water. 
[0035] 
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Pressurizing over the bonded substrates can 
effectively enhance the bonding strength. 
[0036] 

Next, the bonded substrates are subject to heat 
treatment. Higher temperature is preferred for the heat 
treatment. However, too high temperature can causes the 
structural change of the porous layer 101 or causes 
impurities in the substrates to diffuse into the epitaxial 
layer. This should be, avoided by selecting a suitable 
temperature and time for the heat treatment . Specifically, 
about 600 to 100 degree C is preferable . There is a substrate 
that cannot be subject to heat treatment with high 
temperature. For example, in the case of the supporting 
substrate 110 is of quartz glass, it can be subject to heat 
treatment only in temperatures of about 200 degree C or lower 
because of the difference in thermal expansion coefficient 
between silicon and quartz. Heat treatment in higher than 
the temperature causes the detachment of the bonded 
substrates due to stress, or causes the cracking of them. 
However, the heat treatment needs to be performed only to 
the degree with which the bonded substrates can stand with 
stress that is generated when grinding or etching of the 
silicon bulk 100 in a later step. Therefore, a process with 
temperature lower than 200 degree C is available by 
optimizing surface treatment condition for activation. 
[0037] 

(Figure 1-6) 

Then, the silicon substrate portion 100 and the porous 
portion 101 are selectively removed so that the epitaxial 
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growth layer 100 only remains . First , the silicon substrate 
portion 100 is ground away by a surface grinder or the like 
or is removed away with a alkali solution such as potassium 
hydroxide, or aqueous ammonia, or organic alkali solution 
such as trimethyl ammonium. The etching can be performed 
effectively in heated solution at 100 degree C or lower. 
Alkali based solution etches Si0 2 very little, and thus can 
selectively etch only the silicon substrate portion if the 
supporting substrate is of glass or is a silicon substrate 
covered with oxide film. The etching removal may also be 
perf ormed using hydrofluoric acid and nitric acid , or mixture 
acid prepared by adding acetic acid to them or the like. 
However, hydrofluoric acid/nitric acid based etchant also 
etches the supporting substrate by a certain amount, and 
thus long time use of such etchant should be avoided. When 
the porous portion 101 is exposed by the etching of the silicon 
substrate portion 100 , the etching is stopped, and the porous 
portion 101 is then selectively etched in hydrofluoric acid 
based solution. The epitaxial growth portion 102 is not 
porous , not reacting with hydrofluoric acid, and thus still 
remains as a thin film. Note that it is not preferable to 
immerse the supporting substrate 110 in hydrofluoric acid 
solution for a long time in the case where it mainly contains 
Si0 2 , since such a substrate easily reacts with hydrofluoric 
acid . However , this is not a problem when the porous silicon 
layer is thin, since it does not take so much time to etching 
away such a film. If it is desirable that the supporting 
substrate 110 be not etched at all, silicon nitride film 
or another material that does not easily react with 
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hydrofluoric acid may be deposited in advance by CVD or the 
like on the bonding surface and the opposite side surface. 
If the porous portion 101 is made thin to a certain thickness 
using alkali solution, organic alkali solution, or 
hydrofluoric acid/nitric acid solution before immersing the 
substrate in the etchant, the supporting substrate reacts 
very little since it only needs a short period of time to 
selectively etch the epitaxial layer and porous layer. 
[0038] 

The hydrofluoric acid based solution used in the 
selective etching of the epitaxial film 102 and porous layer 
101 may be a mixture of hydr of luor ic acid and aqueous hydrogen 
peroxide (H 2 0 2 ) . A mixture of hydrofluoric acid and nitric 
acid, or a mixture prepared by adding acetic acid to them 
can also selectively etches the porous silicon. However, 
in this case, control of time etc. should be precisely made 
since the selectivity is not adequate and the single crystal 
silicon thin film to be left is etched by a certain amount. 
[0039] 

By performing the above steps , a single crystal silicon 
thin film can be formed on an insulator substrate. 
[0040] 
[Examples ] 
( Example 1 ) 

A first example (Example 1) will be described in detail 
with reference to Figures 1 and 6 . 
[0041] 

(Figure 1-1) 
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A 5-inch P-type (100) single crystal silicon substrate 
(0.1 to 0.2 Q'cm) with a thickness of 625 \xm was provided, 
and was set in an apparatus as shown in Figure 6-1 to be 
anodized so that the surface portion of the silicon substrate 
100 with 20 \xm thickness was converted to porous silicon 
101. 49% HF solution was used as the solution 604. The 
current density was 100 mA/cm 2 . The rate of conversion to 
porous silicon was 8.4 pun/min, and thus it took about 2.5 
minutes to obtain a porous layer of 20 \xm thickness. 
[0042] 

(Figure 1-2) 

A single crystal silicon layer 102 of 0.5 \xm was 
epitaxially grown on the porous silicon 101 by a CVD 
technique . 
[0043] 

Used gas: SiH 4 /H 2 

Gas flow rate: 0.62/140 (1/min) 
Temperature: 750 degree C 
Pressure: 80 Torr 
Growth rate: 0.12 micorn/min 
(Figure 1-3) 

The substrate prepared with the above condition was 
subject to a treatment of 900 degree C in steam atmosphere 
to form an oxide film 103 of 0.1 jxm- 
[0044] 

(Figure 1-4) 

The substrate 100 having the above oxide film and a 
supporting substrate ( silicon wafer ) 110 provided in advance , 
having silicon oxide film of 0.5 jim thickness are set in 
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a plasma treatment apparatus , and the surfaces thereof are 
activated with oxygen plasma. The treatment conditions 
were as follows: 
[0045] 

RF frequency: 13.58 MHz 
RF power: 400 W 
Oxygen flow rate: 30 seem 
Pressure: 15 pa 
Treatment time: 5 minutes 

No bias control was performed between the plasma and 
the substrate, and the surface treatment was performed only 
using the self -bias of the plasma. 
[0046] 

(Figure 1-5) 

The two substrates experienced the above surface 
treatment were immersed in pure water for 5 minutes, spin 
dried, and then bonded together with their treated surfaces 
facing to each other. Then, they were subject to heat 
treatment of 800 degree C and 6 hours. 
[0047] 

(Figure 1-6) 

After the heat treatment, the silicon substrate 100 
was ground by 610 urn using a surface grinder to expose the 
porous silicon 102. 
[0048] 

The substrate was then immersed in selective etching 
solution to selectively etch away only the entire porous 
portion 101. The composition of the selective etching 
solution and the etching rate for the porous silicon were: 
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HF : H 2 0 2 = 1 : 5 1.6 nm/min . 

Thus , it took about 13 minutes to etch away the porous portion 
of a thickness a little bit smaller than 20 \*m. The etching 
rate of the single crystal silicon layer 102 was 0.0006 
jxm/hour, and thus most of it was not etched and was left. 
[0049] 

Consequently, an SOI substrate was obtained in which 
a single crystal silicon film of about 0 . 4 jxm was on a silicon 
oxide film of 0.6 \im. with the density of void in the SOI 
film reduced by a factor of 4 as compared with a conventional 
SOI substrate which is not subject to a surface treatment. 
[0050] 
( Example 2 ) 

A second example (Example 2 ) will be described in detail 
with reference to Figure 2 . 
[0051] 

(Figure 2-1) 

A 4-inch P-type (100) silicon substrate (resistivity 
0.01 Q cm) with a thickness of 300 [un was provided, and its 
surface layer with 20 \xm thickness was converted to porous 
silicon 201 as Example 1. 
[0052] 

(Figure 2-2) 

An epitaxial layer 202 was formed with 0.15 (xm on the 
produced porous surface as Example 1 . 
[0053] 

(Figure 2-3) 

The substrate produced by the above method was oxidized 
by 0.1 (im in steam of 1000 degree C. 
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[0054] 

(Figure 2-4) 

The above substrate and a 4 -inch composite quartz 
substrate 210 provided in advance were subject to plasma 
treatment for its surface as Example 1. 
[0055] 

(Figure 2-5) 

The silicon substrate 200 and the quartz substrate 210 
were immersed in pure water for 5 minutes , and then bonded 
together with their treated surfaces facing to each other. 
Then, they were subject to heat treatment of 180 degree C 
and 24 hours. 
[0056] 

(Figure 2-6) 

The silicon substrate portion 200 (280 \xm) was etched 
in mixture solution (hydrofluoric acid/nitric acid/acetic 
acid with 1:10:10). After the porous silicon layer 201 was 
exposed, it was selectively etched in mixture solution 
(hydrofluoric acid/hydrogen peroxide with 1:5). The 
etching rate of the single crystal silicon in the 
hydrofluoric acid/nitric acid/acetic acid was about 2 fxm/min, 
and hence it took about 140 minutes to etch away the single 
crystal silicon. The etching rate of the porous silicon 
in the hydrofluoric acid/hydrogen peroxide was about 1 . 6 
Hm/min, and hence it took about 13 minutes to etch away the 
porous silicon. The quartz substrate 210 was only etched 
by several jim. 
[0057] 
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Consequently, an SOI substrate was obtained in which 
a single crystal silicon thin film of 0 . 1 fim was on a quartz 
substrate, with the density of void in the SOI reduced by 
a factor of 5 as compared with a conventional quartz based 
SOI which is not subjected to a surface treatment. 
[0058] 
( Example 3 ) 
(Figure 3-1) 

A 5-inch P-type (100) single crystal silicon substrate 
300 (resistivity 0.01 Q-cm) with a thickness of 625 ^m was 
provided, and a porous layer 301 was formed with 20 
thickness from the surface of the single crystal silicon 
substrate 300 . 
[0059] 

(Figure 3-2) 

An epitaxial layer 302 was formed with 0.5 fun thickness 
on the obtained porous surface of the substrate as Example 
1. 

[0060] 

(Figure 3-3) 

The surface of the epitaxial layer 302 of the substrate 
was oxidized by 0 . 2 \xm in steam of 1000 degree C to obtain 
a Si0 2 layer 303 . As a result , the epitaxial layer consisted 
of a silicon single crystal portion of 0.4 (im and an oxide 
film portion of 0.2 \xia. 
[0061] 

(Figure 3-4) 

The substrate 300 obtained by the above method and a 
composite quartz substrate 310 provided in advance were 
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subject to plasma treatment . The treatment conditions were 

as follows: 

[0062] 

RF frequency: 13 . 56 MHz 
RF power: 450 W 

Gas type: mixture of oxygen and nitrogen 
Ratio of flow rates: 40 sccm/160 seem 
Pres sure : 2 0 pa 
Treatment time : 8 minutes 
(Figure 3-5) 

The treated substrates were cleaned in 10% aqueous 
hydrogen peroxide, then rinsed in pure water, then dried, 
and then bonded together. Then, the bonded substrates were 
subject to pressure of 70 tons for 10 minutes. 
[0063] 

(Figure 3-6) 

The substrates, without experiencing heat treatment, 
were subject to etching in a solution for the silicon 
substrate portion. First, the thermal oxide film 303 
covering the silicon substrate was removed in dilute 
hydrofluoric acid, and then immersed 2.4% aqueous solution 
of tetramethyl ammonium hydride, (trade name: SD-1) 
manufactured by Tokuyama Soda Co . ( currently named Tokuyama 
Co.) with 90 degree C for 5 hours. Consequently, the bulk 
silicon portion 300 of the silicon substrate was etched away 
to expose the porous layer 301. Then, the porous portion 
301 was selectively etched in aqueous solution of 
hydrofluoric acid/hydrogen peroxide. 
[0064] 
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(Figure 3-7) 

The single crystal silicon thin film 302 on the quartz 
substrate 310 obtained the above steps was patterned in form 
of islands according to the areas, shapes and placement of 
element design. After the patterning, at a first step for 
element formation, the island regions were oxidized by 0 . 05 
\un in oxygen atmosphere of 1000 degree C. Thus, this 
oxidation step also served as heat treatment, and 
consequently, an SOI was obtained in which a single crystal 
silicon thin film of 0.4 was on a transparent substrate. 
[0065] 
( Example 4 ) 

A fourth example (Example 4 ) will be described in detail 
with reference to Figure 4 . 
[0066] 

(Figure 4-1) 

A 5-inch P-type (100) silicon substrate 400 
(resistivity 0.01 Q-cm) with a thickness of 400 \tm was 
provided, and a porous layer 401 was formed with 20 jim 
thickness from the surface of the silicon substrate 400. 
[0067] 

(Figure 4-2) 

An epitaxial layer 402 was formed with 0 . 5 thickness 
on the obtained porous surface of the substrate as Example 
1. 

[0068] 

(Figure 4-3) 
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The surface of the epitaxial layer 402 of the substrate 
was oxidized by 0.05 (Jim in steam of 900 degree C to obtain 
a Si0 2 layer 403. 
[0069] 

(Figure 4-4) 

The substrate 400 obtained by the above method and a 
5-inch composite quartz substrate 410 with 625 \im thickness 
provided in advance were subject to plasma treatment. The 
treatment conditions were as follows : 
[0070] 

RF frequency: 13.56 MHz 
RF power: 450 W 

Gas type: mixture of oxygen and nitrogen 
Ratio of flow rates: 40 sccm/160 seem 
Pressure: 20 pa 
Treatment time: 3 minutes 
(Figure 4-5) 

The treated substrates were cleaned in 10% aqueous 
hydrogen peroxide, then rinsed in pure water, then dried, 
and then bonded together. Then, the bonded substrates were 
subject to pressure of 70 tons for 10 minutes. Then the 
substrates were subject to heat treatment of 180 degree C 
and 24 hours. 
[0071] 

(Figure 4-6 ) 

The silicon substrate was ground using a surface grinder 
so that only 100 \xm of it was left. Then, a structure was 
formed in which the silicon substrate of 100 ^m including 
the porous layer and epitaxial layer was bonded onto the 
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quartz substrate of 625 \xm. It was then subject to heat 

treatment of 300 degree C and 24 hours. 

[0072] 

(Figure 4-7) 

The remaining bulk portion 400 was then ground by a 
surface grinder, and then the porous silicon portion 401 
was etched in mixture solution of hydrofluoric acid/aqueous 
hydrogen peroxide. Consequently, an SOI substrate was 
obtained in which a single crystal silicon thin film 402 
of 0.4 |im was on a quartz substrate, with the density of 
void in the SOI reduced by a factor of 10 as compared with 
a conventional quartz based SOI which is not subject to a 
surface treatment . 
[0073] 
(Example 5) 

A fifth example (Example 5) will be in detail described 
with reference to Figure 5 . 
[0074] 

(Figure 5-1) 

A 4-inch P-type (100) single crystal silicon substrate 
500 (resistivity 0.01 Qcm) with a thickness of 300 \xm was 
provided, and the surface layer of 20 \un was converted to 
porous silicon 501 as Example 1 
[0075] 

(Figure 5-2) 

An epitaxial layer 502 was formed with 0 . 15 \un thickness 
on the obtained porous surface as Example 1. 
[0076] 

(Figure 5-3) 
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The substrate obtained by the above method was oxidized 
by 0.1 \xm in steam of 1000 degree C. 
[0077] 

(Figure 5-4) 

A 4 -inch silicon substrate 510 having silicon oxide 
film of 0.7 (Jim provided in advance was subject to plasma 
treatment for its surface as Example 1. The substrate on 
which the epitaxial growth had been made on the porous silicon 
was not subject to plasma treatment. 
[0078] 

(Figure 5-5) 

The two substrates were cleaned in 10% aqueous hydrogen 
peroxide, then rinsed in pure water, then dried, and then 
bonded together. Then, the bonded substrates were under 
pressure of 70 tons and temperature of 200 degree C for 1 
hour. Then, the resultant substrate was annealed with 1000 
degree C for 30 minutes . 
[0079] 

(Figure 5-6) 

The substrate was, as Example 1, subject to grinding 
and selective etching to remove the bulk portion 500 and 
porous portion 501 of the first substrate. 
[0080] 

Consequently, an SOI substrate was obtained in which 
a single crystal silicon film of about 0 . 1 jjuh was on a silicon 
oxide film of 0 . 8 jim, with the density of void in the SOI 
film reduced by a factor of 10 as compared with a conventional 
SOI film which is not subject to a surface treatment. 
[0081] 
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( Example 6 ) 
(Figure 6-1) 

A 5-inch P-type (100) silicon substrate 600 
(resistivity 0.01 Qcm) with a thickness of 400 pm was 
provided, and a porous layer 601 was formed with 20 \ua 
thickness from the surface of the silicon substrate 600. 
[0082] 

(Figure 6-2) 

An epitaxial layer 602 was formed with 0 . 5 |xm thickness 
on the obtained porous surface of the substrate as Example 
1. 

[0083] 

(Figure 6-3) 

The surface of the epitaxial layer 602 of the substrate 
was oxidized by 0.2 p in steam of 1000 degree C to obtain 
a Si0 2 layer 603 . As a result , the epitaxial layer consisted 
of a silicon single crystal portion of 0.4 \un and an oxide 
film portion of 0.2 pm. 
[0084] 

(Figure 6-4) 

The substrate 600 obtained by the above method and a 
composite quartz substrate 610 provided in advance were 
subject to soft X-ray irradiation (2 nm wavelength) in the 
atmosphere for 30 seconds. 
[0085] 

(Figure 6-5) 

The treated substrates were cleaned in 10% aqueous 
hydrogen peroxide, then rinsed in pure water, then dried. 
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and then bonded together. Then, the bonded substrates were 

subject to pressure of 70 tons for 10 minutes. 

[0086] 

(Figure 6-6) 

The substrates, without experiencing heat treatment, 
were subject to etching in a solution for the silicon 
substrate portion. First, the thermal oxide film 603 
covering the silicon substrate was removed in dilute 
hydrofluoric acid, and then immersed 2.4% aqueous solution 
of tetramethyl ammonium hydride, (trade name: SD-1) 
manufactured by Tokuyama Soda Co . ( currently named Tokuyama 
Co. ) with 90 degree C for 5 hours. Consequently, the bulk 
silicon portion 600 of the silicon substrate was etched away 
to expose the porous layer 601. Then, the porous portion 
601 was selectively etched in aqueous solution of 
hydrofluoric acid/hydrogen peroxide. 
[0087] 

(Figure 6-7) 

The single crystal silicon thin film 602 on the quartz 
substrate 610 obtained the above steps was patterned in form 
of islands according to the areas, shapes and placement of 
element design. After the patterning, at a first step for 
element formation, the island regions were oxidized by 0 . 05 
Hm in oxygen atmosphere of 1000 degree C. Thus, this 
oxidation step also served as heat treatment, and 
consequently, an SOI was obtained in which a single crystal 
silicon thin film of 0 . 4 \xm was on a transparent substrate. 
[0088] 

(Similar process to Example 3) 
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(Example 7) 
(Figure 7-1) 

A 5-inch P-type (100) silicon substrate 700 
(resistivity 0.01 Qcm) with a thickness of 400 yin was 
provided, and a porous layer 701 was formed with 20 \*m 
thickness from the surface of the silicon substrate 700. 
[0089] 

(Figure 7-2) 

An epitaxial layer 702 was formed with 0 . 5 \uti thickness 
on the obtained porous surface of the substrate as Example 
1. 

[0090] 

(Figure 7-3) 

The surface of the epitaxial layer 702 of the substrate 
was oxidized by 0.05 in steam of 900 degree C to obtain 
a Si0 2 layer 703. 
[0091] 

(Figure 7-4) 

The substrate 700 obtained by the above method and a 
5-inch composite quartz substrate 710 with 625 \xm thickness 
provided in advance were set in vacuum equipment and subject 
to electron beam irradiation with an acceleration energy 
of 0.5 KeV. 
[0092] 

(Figure 7-5) 

The treated substrates were cleaned in 10% aqueous 
hydrogen peroxide, then rinsed in pure water, then dried, 
and then bonded together. Then, the bonded substrates were 
subject to pressure of 70 tons for 10 minutes. Then the 
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substrates were subject to heat treatment of 180 degree C 

and 24 hours. 

[0093] 

(Figure 7-6) 

The silicon substrate was ground using a surface grinder 
so that only 100 ^m of it was left. Then, a structure was 
formed in which the silicon substrate of 100 (im including 
the porous layer and epitaxial layer was bonded onto the 
quartz substrate of 625 [xm. It was then subject to heat 
treatment of 300 degree C and 24 hours. 
[0094] 

(Figure 7-7) 

The remaining bulk portion 700 was then ground by a 
surface grinder, and then the porous silicon portion 701 
was etched in mixture solution of hydrofluoric acid/aqueous 
hydrogen peroxide. Consequently, an SOI substrate was 
obtained in which a single crystal silicon thin film 702 
of 0.4 jim was on a quartz substrate, with the density of 
void in the SOI reduced by a factor of 10 as compared with 
a conventional quartz based SOI which is not subject to a 
surface treatment . 
[0095] 

(Similar to Example 4) 
[0096] 

[Advantages of the Invention] 

As described above in detail, according to the present 
invention, in a method for producing SOI substrate that is 
obtained by: bonding together a substrate formed by 
converting the surface layer of a silicon substrate to porous 
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surface, then epitaxially growing single crystal silicon, 
and then oxidizing the surface of the grown layer, and a 
substrate having Si0 2 on its surface; and removing the bulk 
silicon portion and the porous silicon portion of the silicon 
substrate, when the Si0 2 surface to be bonded is activated 
by plasma treatment , or X ray or electron beam treatment , 
the bonding strength can be enhanced, and the number of voids 
generated in the interface can be reduced by a factor of 
two or three to ten. 
[0097] 

The enhanced strength also gives an advantage that 
annealing temperature after the bonding can be lowered. 
[0098] 

Furthermore, the present invention also gives an 
advantage to allow the production of an ideal SOI substrate 
having an active layer with uniform film thickness , an under 
layer Si0 2 with an adequate thickness , few interface states , 
and few voids. 

[Brief Description of the Drawings] 
[ Figure 1 ] 

Figure 1 is a diagram of process for illustrating steps 
of an embodiment and Example 1 of the present invention. 
[ Figure 2 ] 

Figure 2 is a diagram of process for illustrating Example 

2 of the present invention. 
[Figure 3] 

Figure 3 is a diagram of process for illustrating Example 

3 of the present invention. 
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[Figure 4] 

Figure 4 is a diagram of process for illustrating Example 

4 of the present invention. 
[Figure 5] 

Figure 5 is a diagram of process for illustrating Example 

5 of the present invention. 
[Figure 6] 

Figure 6 is a diagram of an apparatus for converting 
a silicon substrate to porous one. 

[Description of Symbols] 

100, 200, 300, 400, 500, 600 single crystal silicon 
substrate 

101, 201, 301, 401, 501 silicon substrate converted to 
porous one 

102, 202, 302, 402, 502 epitaxial growth layer 

103, 203, 303, 403, 503 epi oxide film 

103', 503' supporting substrate silicon oxide film 
110, 210, 310, 410, 510 supporting substrate having Si0 2 
layer on its surface 
107, 207, 307, 407, 507 plasma 

604, 604' etchant 

605, 605' positive electrode 

606, 606' negative electrode 
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[0 0 2 0] mi£^?LS->U=l>a5<OiS^X-/5 1 
>^I4, «Bfl^**©S*xy*->^SKU:J: 

[0 0 2 1 ] £7c, fiyfE^Xvfi. s 

i^c^^k, cnictu, s i o 2 s^P^cfcu 

[0 0 2 2] (XtfeKttM) *RH0IUMHIM1€H l 

jsium 6 *fflt^TKwrs. 

[0023] (Hi - i ) *e»->'Ja>««i o 0* 
»WbaUT*?LJl->U3>l 0 l ZBOLTZ. C(D<h 

is 

[0 0 2 4] ^TLKvUa>OJBJ«*5fe(COt\Ttt, 0 
ftfofcitfttf&Sttis Iffi6 0 0^S6-ii:St<t 

*(085S6 0 4 ICSUTtvr, iS?SWlCfi<oaffi6 0 6 
OS. 

[0 0 2 5] £7c, 16 - 2lC3j^f<fc5(C, IEmSffll6 
0 5' t)S5S6 0 4' ^L/T^fi^^^T'b^t)^: 



[0 0 2 6] :7yfc*S«6 0 4£LT(*. -HKWICI4 
17^1 (4 9 %H F) *JBl*S. tt* (H 2 O) T!& 
WUTl*<&» SS^aSfEffl IC t> cfc ^ ft«H»6x 

<b£*[Cgffi6 0 Oa>aiBfr&A»0CR£UTU£lS 
C0)«a*»*«fe<«tUI*<Btt^6. JHffSSttBO&U 

*y-jk x*y-;k ^Q/ty— Jk -fv^a/ty — 

£ffil\T, »«*«ttA/U«i:^6Pi«l<k«*»ToT«>J: 
IS ftS© 6 0 6 (CM OTI*. 7yBiSaic»l/T«t 
Stt&l*«fcpttWfK (Au) . S£ (Pt) 

6n-54I»fiW*t)ftt^, M&ftJ&PSfi 6 0 0 

■r^rccttsnfcWja^ 7?KXi8?K6 o 4*<jEa« 

6 0 5 (Cjt^CDT. HESS 6 0 5 CD^®lCfc»;7 
*atta>ft*B*3— r-f >^UTfe<tJ:tS P§@*t 
fiS*ff5«3ftfflltt**»SmA/cm2 "CfcU. S'hfS 
li*Tfcf*ntfefclS C©fflte*?LfMtLfc->»J 3>G> 
*® IcmSOX e * * •> ir JUMWC* ^S5S ft T>*^ 

[0 0 2 7] (01-2) U±4)<fc 9 ICUTJBfft LA:* 
TLHJil 0 1 ±(C. **?LS<0#ea->U=3>li1 0 2 
^x^+ytMlt^o xe*4^>*;WS»tt-tt 
MCVD, KffCVD, y^X^CVD. tt^lgX 

it SO l HOttH-tt&HlXmtfAlttf. *?£U<(4 
2MmJUT<OR«^atS Ctltt2MmJU±OJK»a)* 
tt»->Ua>«#S i 0 2 ttf&ft £?Z> tfeStt&ffi £ 

R<o«a, win* sy*ttscyic<is «ty»su< 

(4. 0. 5/imOT-Cfc5. C*l(4 0. 5MmlU±(OJS 

[0 0 2 8] (@1 -3) X^ + ytJUl 0 2CO^ 
®£BHfc (1 0 3) "T^o cni4xtf^ + *>^;ug^^ 

[0 0 2 9] fSKibKJ¥(4. UU*«i«miCttUi&C 



(5) 



7-249749 



[0 0 3 0] (HI -4) ±ies@#&fb£*£:xtf* 
o 2 (io3*) zmmizmTzmt&i i o&mm? 

1 Ote^y 3>»ffi&®£&fbU7tt> 
<D. tttf^T^ teBft**^^. ft^tfc±ICS i o 2 

[0 0 3 I ] iXl\TCn5)OBifi, t>L<li— Jj*^ 
[0 0 3 2] ^XvpHa^CCBS-r^^JCffllNS^^ 
tttfX^ 7>^x7t¥<0#^#Xfc£^^flrc&*. 

4 o o/KJunisa)«EHT»jai-r^(D*«ff*u<. 

W±<OA-f 7X^lt-5<!:S i 0 2 U ©JSKTX 

7c Pa *f x * ; u * - 1 1 D C / W 7 X T $J 9 L/ ft < T t> . ^ 
5X7 gft^1:^7/W 7^4IWt5 c t "Cfet 

[0033] x^^^m4 3 e£t^li^l?as*"r^^fflT* 

[0 0 3 4] (11-5) ±ISfflS UfcKB«*2fe» L/ 
##£U<, fl!iCCliiaK<b****>E*T*«l/fct> 

[0 0 3 5] »6y^to1±/ta{C«««:±ffiT»Ptt'rS 

[0 0 3 6] -5-ur^fciisy&T>fc«««:fft«ia-rs. 

dFLRHl 0 1 ^Igit^^fcCUTU^^rcy. ©SIC 

t*ntoCT««^x tf * * -wm \zwm-?z> c £ 

ftf*wici*6 o o-i i ooicgg^s?* 
l t \ ttmmz&iT itm^x^Mm t * * i > t> 

$>Z> 0 «ittf3tJ*»«i l 0^e^^5XT^>^ti^(c 

>>f>U=i>l 0 0(D^f^J^>x^5 L >^l^cD/£^lcHx. 
Snntfftl^. S^T2 0 O^lUTCOSST^oTt)^ 

7£x.* 0 

[0 0 3 7] (11-6) ^(CXe^ + yfMfilS 1 



0 2£&LT>-y=i>gt£§IWl 0 0££?lHaWl 0 

1 £i!3Rtf)lcR££-f ^fy U 3 >«ffigfl# lOOli 

5 L ;U7>^x^AH(DW«l7;U/3yS>R-CK*-r-5o x 
•yy>^<DiI^(41 0 0^UTO^;S>8*T?7&?CD# 
$AJgMT<&£o 7^U^(DSSRttS i 0 2 «ft£xy 
^y^Lfti^-c, ^Bffi#;tf5;*fr*>U<l4ig{bK 

TS*?nfci>yzi>m»T^ntf, '>ya>«£Swco 

t> U < (4 Cti(citK^^Px./!:Kig^>gTx >^R£ 

«LKffl»l 0 l ^SSttiUrc^TX^^vy 
$-1^71, fcOMJMMM.O 1 1*7 ?tt9KffiftKp 
TMX7f>^^^o xtT**;>*Jbj£ftg!Wl 

0 2li^?LgT^C\(OT^^7^K<!:RlSli:-r!c3IK < h 
LTS$£ 0 ^r c ^^(DCi:^eS:^S«l 1 0(4, S 

1 0 2 ^«^<t1-^ti^lCtt7^K^5§jS(cSlSL§ 

> ^"T -5 RQ 14^*1(5 6 ^: I ><DTfi (C"T £ C <b 14 
&l\> t>US»*tS1 1 0#'>UTt>Xyy>^U7c< 

fti^a^ictt. ^«>^y^t>tt®<!:S^®rccvD^-c 

Ltfe<i:fiu. Sfctexyyy^&lcSffi^SihiJlc 
£?ISSW1 0 1 *>&£HK7;U;ky;§?8. G&T)l* 

r B ^^<T-rt;<DT, ^St5t)«>^ySl£$ti-^C(h 

[0 0 3 8] Xtf^ + ytMl 0 2<h^?LS^1 0 1 
(D^x^y>^(cffit\^7^K^Sjgi:Cxp(0«. ^ 

^Krci^KfbTK^TK (h 2 o 2 ) zw£isft<b<Dtfm^ 
^^*es->y □>»Rfc^'>x*,y>^£n*<hi^ 

[0 0 3 9] JU±OXS*ff^:pC<h(c<i:oTffiS14S 
[0 0 4 0] 

[usee?] 

(sukfl D@i &zf® 6 ^ii\T*s^<o$ i nmm 

[oo4i] (@i-D 6 2 5 $#q><om&&t$ 
-Dtcs-oTPW. (i oo) #e4ivyzi>g« (o. 

1-0. 2Qcm) £fflSU Ctl$:l 6 - 1 (C^-fcfc 



(6) 



M¥7- 2 4 9 7 4 9 



1 0 0<Dmm&2 0 Mmfclt^?LS->'Jn>1 0 1 (CU 
tz* CCDB#(D^&6 0 4 124 9 %H F>g&ftffll\ 
&g|*1 00mA/cm2 ^fr^tz* s Z\sXZ.<Dtif<D& 
?LS{b^g(i8. 4Mm/mi n. U * 2 0/xmCO 

[0 0 4 2] (11 — 2 ) S&iE£?LS*>U 3> 1 0 1 
±ICC VDZfnCcfclK *8fl->U3>il 0 2ft0. 5 

[0 0 4 3] mmtiX : S i H 4 /H 2 
# : 0 . 6 2/140 ( 1 /m in.) 

*Sg : 7 5 0 °C 
EE?^ : 8 0 T o r r 
/SfiilJg : 0 . 12m m/m i n . 

(■1-3) ±E*-a6(CTfMlbfc«B**ll«*B 
S*9 0 Ot^ttt^IU, 0. UmOSfUtlO 
3 ftfifco 

[0 0 4 4] (H 1 ~ 4 ) ±KBML«*«-r *«fi 1 
0 0£. ^ibmBLX^fzO. 5 m mfpCD •> \) zi 

©aBftssttfuasu*:. ftaftftttacotfeu. 

[0 0 4 5] R F JSXSk • • • 1 3 . 58MHz 
R F/W— • • • 4 0 0 W 
g£^3ftg • • • • 3 0 s c c m 

J±*J 1 5 p a . 

ffiSttH - • • • 55* 

[0 0 4 6] (0 1-5) ±E«HffiSl/fcffiSfi* 

tt*ic5#im»u xif >£SU;t&ic^®!^±ftte 

[0 0 4 7] (131-6) Jft««akIC->iJa>«fil 

=i>i o 2^nai$i±^o 

[0 0 4 8] C©«fi*SI*tt*MRXy^>^iS5S* 

icjiu ^jumwm o i o**a«wrc±Txy^> 

HF : H2 O2 =1 : 5 1.6 jim/m i n . 

isVzi>m 1 0 2O)0Lv3 L >tfi&miZQ. 0 0 0 6/im 
/h o u rt'&U, ^tXyfV^tlflca^rc. 

[0 0 4 9] C<D3£^0. 6Atm(Ov<Jzi>K<bE±rc 
ftO. 4Mm^ B B H yU3>i$l^cSO 

ta*±^y* so i m<om wmmit* ^(omm^ 



[0 0 5 0] H2«ffl^T*Stnoli2X 

[0 0 5 1 ] (02- 1 ) 3 0 0/zm(Dl^ofc 
SJn^O. 0 1 Q • c m^)4>f>fPl (10 0) y'J 

□ >««2 o o*s*u "t(omm&m^mmmtmm 

(CUT 2 0#tm£tt-*?UE>'iJa>2 0 1 £ U^Co 

[0052] 02-2) » e> tut ^?ls®± icm 1 

jlJ6«4H»i:UTXW + yt;H2 0 2* 0. 1 5 

[0053] (0 2- 3) ±K^(CTftJ«UfcMS 
ftl 0 0 orOTK^a+TO. 1 nmmtUfZo 
[0054] (0 2-4) ±E»«t^»ffl«LTfc 

inac 4 ^ ^o^assssis 2 1 oft, mmmmtft 

[0 0 5 5] (02-5) ±Eyij3>««2 0 0t 
53S»K2 1 0«fok+lC5#IB»Ufc»IC. Et\©« 

JfftfT&ofc. 
[0 0 5 6] (02-6) 2 8 0Amfe§y'Ja 

>*««#2 0 0^7 78/a»/»K<Ol : 1 0 : 1 

U>Jf 2 0 1 tfSffibfcchC^T. ^?IS@2 0 1 ft 7 
yi/iSBfc*K*0 1 : 5a&»"fii««lCXyf > 

ICWtSXyf >y l/- hat42 j»m/#-C»ofc©"C 
«1 4 0#T\ *fc7yK/iflKft***0*?LJI->'J 
3>|:^l7f^l/- htettl . 6|tm/»T* 
ofcOTfal 3#T£?LJlB±T#X^>yT*fc. 

^ /Co 

[0 0 5 7] C<DJ£^53?S«±IC0. Um©y'Ja 
OlCtt^ «1/5IC»'>Lfco 

[0058] &mm 3 ) 

(03-1 ) 4 0 0 Mm<£J5^ftf$oAcS#t^0. 0 
1 Q • cmCD5-f >^Pg! (1 00) y'j3>lfi3 0 

30 1ftJB/£Ufco 

[0059] (03-2) m*>tifzmfo<D&iimmM 

ICW1 WS«tPB«rcUTXb!**->-lf^B3 0 2ft 
0. 5/im©f*i:^L/rc, 

[0060] (0 3-3) ±f£g«<0Xt;**->-WU 
13 0 2^®ft 1 0 0 0X:<D7^mn^-C0, 2/Mmmt 
UTS i 0 2 B3 0 3*»ft. CO**Xbr#*-> + ^ 
Be^UaVtMiMIfttfO. 4 Mm, KftH»»Af 
0. 2um(^)ISSl:^^:ofc. 

[0 0 6 1 ] (03-4) ±IS^;i(CTf^ffiU^Sffi 
3 0 0 4:*»B«UTfeOfc«*538WR3 1 Oft^ 



(7) 



t$^¥7-2 4 9 7 4 9 



[0 0 6 2] R FJHSM* • • -13. 5 6MHz 
R FA 1 ? — • • • 4 5 0 W 

xxm mm/mmm^ 

3itM.lt 4 0 s c c xw/ 1 6 0 s c c m 

EE*) 2 0 p a. 

• • • • 8 # 

(i3-5) ±Effl3StS* 1 0 %O^K<b7K^7KT 
SE»U Elc»McTy>*Ofc»lc&«;*-tJ\ Sl^I 
«R*tey^tM*fc. %lvCttU«:b-e£StEfC7 0 h> 
fl)tt^*MT1 O^raHl**:. 

[0 0 6 3] (§3-6) ±E»«fttt«ia-r*Ct 
ftWC *©**>y □ V»««*»*ICTXyy>y 

*:SD-1) IC;SU 9 0 5 ttlHffiS Isfz* Z 

niccfc y > y □ >*ffifflj©/<;i/^ > y a >»# 3 0 0 1* 

iTX7f>^n, £?LSJf 3 0 1 iWBLfc. SI* 
«lvC£?LMl#3 0 1 *7yK/ja«E<b**7k»aT 

[0 0 6 4] (03-7) ±EXSlC«fcy»&nfc5 
•Jt«K3l 0±o*eay'Ja>S«3 0 2*, KH-£ 

/^-z>^[c«?$*(OSlIS<i:U 
X. i 00 onc^BHRWHW+TO, 

0 5 MmKfbUfc. ^TC<OK<bX«*&»5i£JMa 
ZZttU. mSk. »WWR±IC»Stt0..4MmO)l|i 

»ii->y so is*5^?§Aco 

[0 0 6 5] (£«§ffi|4) 04*ffll\r*»WO«4* 

[0 0 6 6] (04 - 1 ) 4 0 0 /im(OIIM^ofc 
ffiia^O. 0 1 Q • cm(^5>f>f PS (1 0 0) > 'J 
3>Sfi4 0 0^fflgU -t<0*ffi#»&2 OMmCOJP* 
£(*$»?LftJI 4 0 1 £7E/£Ufco 

[0067] (0 4- 2) f# 6n«:SfiO^?LKSB[ 

*K«tH«(CLTxe**->irJWl4 0 2^ 
0. 5 Mmfl)J¥2MCfl5J5£L£:. 

[0068] (0 4-3) ±&SVst<DT.\£**i>"Y)\' 
1 4 0 2 g®^ 9 0 0 ttDTKlt t r 0 . 0 5/imSib 
ITS i 0 2 J»4 0 3£f#Ac 0 

[0069] (0 4- 4) ±ttt&lZTWf& Is&StK 
4 0 0 »ffl I l/Tfel^ 5 >m I$6 2 5 /i 

(i*(Ot*5y. 

[0 0 7 0] R FJ§;&» •••13.56MHz 
R F/ty— • • * 4 5 0 W 

# ;*a igjpt/^t^ 

3ftS£t 4 0 s c c m/ 1 6 0 s c c m 

E71 2 0 p a. 

*&3lB#fa1 .... 35^ 



(04-5) ±a^ssffi* i o %cDia&ffc7k3i7K-e 
ft»u Kic>wcry>xufc»ici£««-tt, iooi 

«ett'J*t>1*£. ifc^Ttey^t)1t^:Sffi(C7 0 h> 
cOS^^^ItTl OttHBl**:. MlCl^lgffi^l 8 0 
TC. 2 4ttlH©BMW«fffc-3fc. 

[0 0 7 1 ] (04-6) ±ElfiOyU3>lfiI 
^6, 81iMSl*ffl^T-> U □ >«fi* 1 0 0 Mm 

S±(C, £?Lg@<txe**^jU/i£#«>Tl 0 0 At 
mff 4) > y a >Sffi^lA y ^fc>i+£:#*glc£: otl^. 
Ctl^3 0 0t:, 2 4B*HOSfcffla*ftft'3fc. 
[0072] (04-7) »oTltfc/W*G>8IWM 
0 0£3l*^*il®Wi5>]^BTiffiSiJU -eUT^?LM"> 
U3V»»4 0 1 t7y«/«fc***a«ITiy 

e»->y a>awi4 o 2*«/utso i *«*aj*±«« 

St5<D^-ry<Ot>(Oi:Jt^ ft 1/1 0i:a'>Uto 
[0 0 7 3] (HJ&0IJ5) H5*ffll^*f6M<0*.5jl 

[0 0 7 4] (05-1) 3OO/im0l^t$9fc 
ffifii^O. 0 1 Q • cm(^)4^>5 1 PS (1 0 0) S/iJ 
□ >Iffi5 0 0^ffllU *0«*fliMM&MII 
CUT2 0 m mrtftt^JLftx 1 J =1 > 5 0 1 <h Ufco 

[0075] (0 5-2) ^^>tlAc^?LS®±(cmi 
HII51^Si:UTlt:^ + ytJH5 0 2^:0. 15 

[0076] (0 5-3) ±E*&(CTftJ«l,fcSlfi 
£1 0 0 O'COTK^m^'CO. 1 Mm&fbbfco 
[0 0 7 7] (05-4) ^#>ffl3tt,T*5l>fcO. 7 

M mno'> y =i >«Mfc«**-r * 4 -r >f<Dy y □ >s 

re* c<Dt*±E^JLK->ya>±lcxe^*v^;U« 
[0078] (0 5-5) ±E2#(D§t5£:1 0 %(D 

$t*\ siMciay^bitfc. ^Twy^bttfcgffiic 

7 0 h>CDff71<5:, HB$IC2 0 O^OiSK^ttT 1 B# 

HBOfc. MicayfflLfc*«€:i ooottao^ 

[0 0 7 9] (05-6) ±EIC«Rlttfl^H 
tile* WBltajRxy»->yK:J:y«i«S«0/t^ 
0ft 5 0 0JWXMJl->y a>«#5 0 1 

[0 0 8 0] coeio. 8Mm<Dvya>K<bK±IC 
0 . 1m mCD¥£Hr> y n S O I S*E#aJ 

*±#y* so ifficoTH-r KcoEgd, ftikomm&m 
zism^oiztt^xtb i /i oic^u/co 

[0 0 8 1 ] <SU£«6) 

(06-1) 4 0 0MmOl^ofcSfi$0. 0 



(8) 



«&a¥7 -2 4 9 7 4 9 



1Q - cm(05>r>f PS (1 00) >'J=J>gt5 6 0 

[0082] (16-2) m>nrzm^<D^jinmm 
icgii mmm£&mizuTJi\f**is*)\,m6 o 2* 

0. 5 MmCTW^fCff^bTco 

[0083] (0 6-3) ±IE*t&OXtf***>-\OU 
16 0 2$!^ 1 0 0 0°Ctf>7k^fi+-C0. 2Mm^<t 
UTS i02 16 0 3 CCDg^X tf***>*JU 

0. 2 /xm(DfiiJllC^^^:o>Co 

[0084] (i6-4) ±tttfc\ZTYtf&[sfcmfa 

6 0 Oi^ffllLTfcL^^lffie 1 OIC. * 
S*Ti*Xg| (&^2nm) £ 3 0 f^B3Itf U/io 

[0085] (16-5) ±IS*>UIgffi£ 1 0%<Dil 

fold 0 h><DEE*>£aM*T1 OflfBlgUfco 
[0086] (16-6) ±IS§*5£fML5l-t£C<h 

L^Co ^■rx , J=l>S^5^^oTC^^I^K^^:^6 0 3«: 

7>€-^A • /W K^-f K<D2. 4 (ga n a 
8:SD-1) C;1U 9 010X^5^1^. C 
tllC<l: y > U =l >g«ffl<0/^U* •> 'J □ >gfl# 6 0 0 f* 
±TX7f>^n, ^?LIi6 0l^BtBLfc. ?IS 
«lvCMJtSi#6 0 1 «:7!yK/iflKflyJc***aT 
SJRttfCXy^^UTto 

[0087] (16-7) ±l£ISlCcfcy»6tl/c5 
3*^*5 6 1 O±0*e B B B ->U3>Ii6 0 2^ stt$ 
tifcSi^SK. Jfcflt SEBlc^bttT^ttlc/t^-x 
>^Lfc 0 /^-z>^(Cl^(OS 1 lit U 
T\ #^<0»tt««*1 0 0 O'CCDK^SIH^+TO. 

0 5 /imKftl/rco ffioTCOK<tXB£».ffl«<!:*fci 

igB^gtfi±|C®$^0. 4nm<Dm 
ggy 'J =i >9HB*«*.fc S O I «S«»«i. 
[0 0 8 8] (Hffin 3 ^issiq DID 

7 ) 

(17- 1 ) 4 0 0 fimOimfr&ft-Drzl&irimO. 0 

1 Q • cm©5-f>f PS (10 0) S/U3>*«7 0 
0$:fflIU -t<&£H0>&2 0 Mm(DJ?*£:tt£>?LfCJf 

7 0 1 £B/£LAco 

[0089] (17-2) »Sft/t»SO£?LJtSffi 

icmi si36fiffiitH«{curxt:^*->^^ji7 o 2£ 

0. 5 jxmO»*ldBJjEUfc. 

[0 0 9 0] (17-3) iE!fi©lt#*yt^ 
@7 0 2gl^9 0 OTOTKIMtTO. 0 5/zmKfb 
LTS i 0 2 @7 0 3£*H>to 

[0 0 9 1 ] (17-4) ±K*SSlCTft«l,fc«S 
7 0 0(h-pai)ffl3BUTt3l^5-f >^-S. )¥$ 6 2 5 m 



0 . 5 K e V <0*DiSx*;U^--Cfl : H»*ifa» Ufco 
[0092] (17-5) ±K«yi»Sfc1 OXflMS 

S(C7 0 h>«)ffi**^ftTl 0#M«l\fc. H(Cf^]g 

[0093] (17-6) ±EX4SO*>U 3 >§«<i] 
^6>. SffiW»JS««:fflt^T5/y3>»fi*1 0 0 Mm 
55-r<tC^*TWB"Jl/fco 0*U 6 2 5 m mlfCOS^S 
t£±lc, ^?LH«txe#4->^;U«*S«>Tl 00m 

mffos/y a>»«#By$to-&fc«ttica:ort^. 

Cn*3 0 0t, 2 4B#Pe , 5(Dl^^^? ; T>5:o)to 
[0094] (17-7) »oTl>fcA;^©9#7 
0 0*?lftl«ft»HWMK«TWMU fLTMiy 
'J =i >SW 701^7 yB/25BMb!k**S*Sflrcx:y 

eH v y =1 >3ilB£ 7 0 2 *(Bx.fc S O I g«#ai3fc±# 
y, SOI (OtK^ KffiKttSfc*©»ffiffi3fcL&l\53S 

[0095] (Xftfl4 tsisniiis) 

[0 0 9 6] 

^y3>«R0>«B*MJM:. »i^*Bi->y3> 

fc^fcgffit, 3ISICS i 0 2 ^*-T-58ffi*By^fe 
tt, ->y 3>Ifi»0/U^yU =i>»»4:*?LK->y 
□ >ffl#*R*r * C <fc lc<fc o t>n* S O I S£4> 

ftgw&idfcoT, uy*t>««s i o 2 «b*:/5X 
t^s, sEi\»xtt. s^ffiaic^yattft-r-sct 

CJ:U, ttyftfettOBSefftt. 
[0 0 9 7] *fcBy^to1±atK*W<)a:*CtlCJ:o 

Xs Ky^*>**o7 p ---;uaw*«<iqiiL6n*»jii 
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